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(54) A method for purifying combustion exhaust gas 

(57) An exhaust gas purifying catalyst (10) is dis- 
posed in an exhaust gas passage (3). The exhaust gas 
purifying catalyst contains an oxidizing catalytic compo- 
nent having an oxidizing ability and produces hydrocar- 
bon radicals by a low temperature oxidizing reactions of 
a reducing agent supplied to the catalyst when the tem- 
perature of the exhaust gas purifying catalyst is within a 
specific range. The low temperature oxidizing reactions 
is an oxidizing reaction in which the reducing agent is 
oxidized without accompanying combustion and forms 
hydrocarbon radicals. A reducing agent is supplied to 
the exhaust gas purifying catalyst while keeping the 
temperature of the catalyst within the specific range in 
order to produce hydrocarbon radicals on the catalyst 
At the same time, combustion exhaust gas having an 
excess air ratio equal to or larger than 1 .0 is supplied to 
the catalyst whereby NO x in the exhaust gas reacts 
with hydrocarbon radicals produced on the catalyst and 
is reduced to N 2 - 
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Description 
TECHNICAL FIELD 



[0001 ] The present invention relates to a method for 5 
purifying combustion exhaust gas. More specifically, the 
present invention relates to a method which is capable 
of purifying NO x (nitrogen oxide) in combustion exhaust 
gas having an air excess ratio higher than 1 .0. 

w 

BACKGROUND ART 

[0002] A NO x absorbing and reducing catalyst and 
a NO x selective reduction catalyst are known as 
exhaust gas purifying catalysts which can be used for /s 
purifying NO x in a combustion exhaust gas having an 
excess air ratio larger than 1 .0 (in this specification, the 
excess air ratio means the ratio between the amount of 
air in a combustion process and the amount of air theo- 
retically required for completely oxidizing fuel. There- 20 
fore, an excess air ratio larger than 1 .0 means that the 
air-fuel ratio of combustion exhaust gas is a lean air-fuel 
ratio). 

[0003] A NO x absorbing and reducing catalyst car- 
ries components such as Barium (Ba) and precious 25 
metal such as platinum (Pt) on a substrate made of a 
material such as alumina. The NO x absorbing and 
reducing catalyst absorbs NO x (such as N0 2 and NO) in 
the combustion exhaust gas and holds the same in the 
form of nitric acid ions NC^'in the NO x absorbing and 30 
reducing catalyst when the air-fuel ratio of the exhaust 
gas supplied to the catalyst is a lean air-fuel ratio, and 
releases the absorbed NO x when the oxygen concen- 
tration in the exhaust gas supplied to the catalyst 
becomes low. 35 
[0004] For example, when exhaust gas having a 
lean air-fuel ratio is fed to the NO x absorbing and reduc- 
ing catalyst. NO x in the exhaust gas is absorbed by the 
catalyst and. thereby. NO x is removed from the exhaust 
gas. Further, when a reducing agent such as hydrocar- 40 
bon (HC) is supplied to the NO x absorbing and reducing 
catalyst after it has absorbed NO x . the reducing agent 
burns on the NO x absorbing and reducing catalyst. 
Since the oxygen concentration in the atmosphere of 
the catalyst is lowered by the combustion of the reduc- 45 
ing agent, this causes the NO x absorbed in the catalyst 
to be released therefrom and, the released NO x is 
reduced to N 2 on the NO x absorbing and reducing cata- 
lyst by the reducing agent in the exhaust gas. 
[0005] On the other hand, a selective reduction cat- so 
alyst includes catalytic components such as copper 
(Cu) or platinum (Pt) attached to a substrate made of 
zeolite by an ion exchange process or impregnating 
process. The selective reduction catalyst is capable of 
selectively reacting NO x in the exhaust gas with HC ss 
(hydrocarbons) and CO (carbon monoxide) in the 
exhaust gas even when the air-fuel ratio of the exhaust 
gas is a lean air-fuel ratio. Namely, if the exhaust gas 



supplied to the selective reduction catalyst contains an 
appropriate amount of HC and CO. HC and CO are 
adsorbed in small pores in the zeolite substrate. Fur- 
therr-in-aJean-air-fuel ratio atnTOsphei^e^NQx— in_ttie_ 
exhaust gas attaches to the surface of the metal compo- 
nents such as Cu and Pt. The HC. CO adsorbed in 
pores in the zeolite substrate come out when the tem- 
perature of the zeolite substrate rises to a certain tem- 
perature range and selectively react with NO x attached 
to the surface of Cu and Pt whereby NO x in the exhaust 
gas is purified by reduction. 

[0006] An example of the exhaust gas purification 
device using such exhaust purifying catalyst is dis- 
closed, for example, in Japanese Unexamined Patent 
Publication (Kokai) No. 4-330314. In the device in the 
"314 publication, a selective reduction catalyst is dis- 
posed in an exhaust gas passage of a diesel engine and 
used as an exhaust gas purifying catalyst. As a reduc- 
ing agent, fuel is injected into the exhaust gas passage 
at the portion upstream of the selective reduction cata- 
lyst. In the device, the amount of fuel injected into the 
exhaust gas is controlled in accordance with the con- 
centration of HC in the exhaust gas when the tempera- 
ture of the selective reduction catalyst becomes higher 
than the activating temperature of the catalyst in such a 
manner that an appropriate amount of HC for reducing 
NO x in the exhaust gas is supplied to the catalyst when 
the catalyst is in a temperature range where it is acti- 
vated. Thus. NO x in the exhaust gas from the diesel 
engine having a lean air-fuel ratio is reduced to N2 by 
HC adsorbed in the selective reduction catalyst. 
[0007] However, in general, when a selective reduc- 
tion catalyst is used for reducing NO x in the exhaust gas 
having a lean air-fuel ratio, it is difficult to achieve a high 
reduction efficiency of NO x . This is because, as the cat- 
alytic component such as Cu and Pt used for selective 
reduction catalyst also act as oxidizing catalytic compo- 
nents. HC tends to react with oxygen in the exhaust gas, 
rather than with NO x . when the air-fuel ratio of the 
exhaust gas is a lean air-fuel ratio. Namely, when HC is 
supplied to the selective reduction catalyst in a lean air- 
fuel ratio atmosphere, a large portion of the HC supplied 
to (and HC come out from the pores of) the selective 
reduction catalyst burns on the catalyst and forms H 2 0 
and C0 2 and, thereby, the reaction between HC and 
NO x hardly occurs on the selective reduction catalyst. 
Therefore, it is difficult to obtain a high NO x reduction 
efficiency by using the selective reduction catalyst 
[0008] On the other hand, if the NO x absorbing and 
reducing catalyst is used, a higher NO x reduction effi- 
ciency is obtained since the reduction of NO x is carried 
out in a reducing atmosphere (i.e.. in a lean air-fuel ratio 
atmosphere). However, when the NO x absorbing and 
reducing catalyst is used, it is required to lower the air- 
fuel ratio of the exhaust gas supplied to the NO x absorb- 
ing and reducing catalyst to a value less than 1 .0 (i.e., to 
a rich air-fuel ratio) in order to cause the NO x absorbing 
and reducing catalyst to release the absorbed NO x and 
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to reduce the same. Therefore, for example, when a 
gasoline engine usually operated at a lean air-fuel ratio 
is used, the engine must be operated at a rich air-fuel 

rto^fcra-short-pertod-in-order-to^ 
of the exhaust gas supplied to the N0 X absorbing and 
reducing catalyst Further, when a diesel engine is 
used, since it is difficult to operate a diesel engine at a 
rich air-fuel ratio, a large amount of reducing agent or 
fuel must be injected into the exhaust gas in order to 
lower the air-fuel ratio of the exhaust gas supplied to the 
NO x absorbing and reducing catalyst to a rich air-fuel 
ratio. These operations for lowering the air-fuel ratio of 
the exhaust gas to a desired air-fuel ratio requires a rel- 
atively complicated control of the engine or a reducing 
agent supply system. 



catalyst is higher than a predetermined activated tem- 
perature, supplying a reducing agent to the catalyst and 
raising the temperature of the catalyst to a specific tem- 
rature-iange-higher than a boiling-point and lowe 
5 than the activated temperature of the catalyst in an oxi- 
dizing atmosphere so that a low temperature oxidizing 
reactions of the reducing agent in which an active sub- 
stance is produced by an oxidation, without accompany- 
ing combustion, of the reducing agent occurs, and 
w supplying the exhaust gas of the internal combustion 
engine to the catalyst and purifying NO x in the exhaust 
gas by reacting NO x in the exhaust gas with the active 
substance produced on the catalyst. 

is BRIEF DESCRIPTION OF THE DRAWINGS 



[0012] The present invention will be better under- 
stood from the description as set forth hereinafter, with 
reference to the accompanying drawings in which: 

20 

Fig. 1 schematically illustrates the general configu- 
ration of an exhaust gas purification device which 
utilizes a first embodiment of the purification 
method of the exhaust gas according to the present 

25 invention; 

Fig. 2 schematically illustrates the general configu- 
ration of an exhaust gas purification device which 
utilizes a second embodiment of the purification 
method of the exhaust gas according to the present 

30 invention; 

Figs. 3 schematically illustrates the general config- 
uration of an exhaust gas purification device which 
utilizes a third embodiment of the purification 
method of the exhaust gas according to the present 

35 invention; 

Fig. 4 schematically illustrates the general configu- 
ration of an exhaust gas purification device which 
utilizes a fourth embodiment of the purification 
method of the exhaust gas according to the present 

40 invention; and 

Fig. 5 schematically illustrates the general configu- 
ration of an exhaust gas purrf ication device which 
utilizes a fifth embodiment of the purification 
method of the exhaust gas according to the present 

45 invention. 



DISCLOSURE OF INVENTION 

[0009] In view of the problems in the related art as 
set forth above, the object of the present invention is to 
provide a method for purifying combustion exhaust gas 
capable of achieving a high NO x reduction efficiency 
without adjusting the air-fuel ratio of the exhaust gas to 
a rich air-fuel ratio. 

[0010] According to the present invention, there is 
provided a method for purifying combustion exhaust gas 
comprising the steps of disposing an exhaust gas puri- 
fying catalyst in an exhaust gas passage through which 
combustion exhaust gas flows, said catalyst containing 
an oxidizing catalytic component having an oxidizing 
capability and burning a reducing agent supplied to the 
catalyst in the presence of oxygen when the tempera- 
ture of catalyst is above a specific temperature range 
and. when the temperature of the catalyst is within the 
specific temperature range, causing a low temperature 
oxidizing reactions in which an active substance is pro- 
duced by an oxidation, without accompanying combus- 
tion, of the reducing agent supplied to the catalyst in the 
presence of oxygen, supplying a reducing agent to the 
catalyst while keeping the temperature of the catalyst 
within the specific temperature range, thereby continu- 
ously producing the active substance by causing the low 
temperature oxidizing reactions of the reducing agent, 
and supplying an exhaust gas having an excess air ratio 
equal to or higher than 1 .0 to the catalyst through the 
exhaust gas passage and purifying NO x in the exhaust 
gas by reacting NO x in the exhaust gas with the active 
substance produced on the catalyst 
[0011] Further, according to the present invention, 
there is provided a method for purifying an exhaust gas 
of an internal combustion engine comprising steps of, 
disposing an exhaust gas purifying catalyst in an 
exhaust gas passage of an internal combustion engine, 
said catalyst containing an oxidizing catalytic compo- 
nent having an oxidizing ability and storing a reducing 
agent supplied to the catalyst therein and purifying NO x 
by selectively reacting NO x with the reducing agent in 
an oxidizing atmosphere when the temperature of the 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0013] Hereinafter, embodiments of the present 
so invention will be explained in detail with reference to the 
accompanying drawings. 

[0014] In the embodiments explained hereinafter, 
an exhaust gas purifying catalyst purifies NO x in the 
exhaust gas by using hydrocarbon radicals produced 
55 from reducing agent (such as fuel) supplied to the cata- 
lyst The exhaust purifying catalyst used in the embodi- 
ments has the construction and catalytic components 
similar to those of known exhaust gas purifying cata- 
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lysts. However, the exhaust gas purifying catalyst in the 
present invention functions in a temperature range com- 
pletely different from the temperature range where con- 
ventiorial-ex^ausMias-purifyingxata^ 



further oxidized on the oxidizing catalytic components 
such as Pt and is converted into hydrocarbon radical 
R • by the reaction 



in this specific temperature range, the exhaust gas puri- 
fying catalyst in the present invention achieves a NO x 
reduction efficiency much higher than that of the con- 
ventional exhaust gas purifying catalyst 
[0015] Therefore, in order to discriminate the 
exhaust gas purifying catalyst in the present invention 
from the conventional catalyst, the exhaust gas purify- 
ing catalyst in the present invention is referred to as a 
RAP (Radical Active Process) catalysr in the explana- 
tion below. 

[0016] Next, the NO x purification (reduction) func- 
tion of the RAP catalyst will be explained. 
[0017] The RAP catalyst is a catalyst containing 
oxidizing catalytic components such as platinum (Pt) 
and palladium (Pd). Therefore, both a selective reduc- 
tion catalyst and a NO x absorbing and reducing catalyst 
can be used as a RAP catalyst in certain conditions. 
Usually, a selective reduction catalyst and a NO x 
absorbing and reducing catalyst are used in tempera- 
ture range higher than an activated temperature where 
the oxidizing capability of the oxidizing catalytic compo- 
nents becomes sufficiently high (for example, in the 
temperature range more than 300°C). Therefore, as 
explained before, when the reducing agent (for exam- 
ple, fuel) is supplied to the catalyst in the temperature 
range higher than the activated temperature, the sup- 
plied reducing agent burns on the catalyst and forms 
HgO and C0 2 . 

[0018] In contrast to this, the RAP catalyst is used 
in a temperature range lower than the activated temper- 
ature of the oxidizing catalytic components in order to 
cause a low temperature oxidizing reactions of hydro- 
carbons. When the reducing agent is supplied to the 
RAP catalyst in a specific temperature range, hydrocar- 
bons in the reducing agent (fuel) produces intermediate 
hydrocarbon oxides by the low temperature oxidizing 
reactions. The produced intermediate hydrocarbon 
oxides are, then converted into hydrocarbon radicals 
such as aldehyde radical, carboxylic radical and alco- 
holic radical etc. Since these radicals have high reaction 
activities and especially have high affinity for chemically 
unstable substances such as NO x these radicals react 
with NO x rather than oxygen even in an oxidizing atmos- 
phere. 

[0019] When hydrocarbons R ' H (R designates 
such as methyl and aldehyde and H designates hydro- 
gen) are supplied to the RAP catalyst in an oxidizing 
atmosphere (the atmosphere contains ample oxygen), 
hydrocarbons are oxidized by the following reaction to 
produce intermediate hydrocarbon oxide RO. 

R * H + 0 2 -> RO + OH 

[0020] This intermediate hydrocarbon oxide RO is 



RO 



[0021] The produced hydrocarbon radical R # 
selectively reacts with NO x (such as N0 2 and NO) and 
produces hydrocarbon oxide R0 2 by removing oxygen 
w from NO x by the following reaction. 

R- + NO x -> RO2 + N2 

[0022] By this reaction. NO x is reduced to N 2 . 

is [0023] It is true that intermediate hydrocarbon oxide 
is also produced by oxidizing reactions of hydrocarbons 
in the temperature range higher than the activated tem- 
perature of the oxidizing catalytic components. How- 
ever, since oxidizing ability of the oxidizing catalytic 

20 components is much higher in the temperature range 
higher than the activated temperature, the produced 
intermediate hydrocarbon oxide is immediately oxidized 
to the final hydrocarbon oxide R0 2 in an oxidizing 
atmosphere. Therefore, substantially no hydrocarbon 

25 radical R • is produced by the oxidizing reaction (com- 
bustion) of hydrocarbons when the temperature of the 
catalyst is high. 

[0024] In this specification, the reaction producing 
hydrocarbon radical R • as explained above is referred 

30 to as "a low temperature oxidizing reaction''. The low 
temperature oxidizing reaction in this specification is 
also defined as an oxidizing reaction which is not 
accompanied by combustion of hydrocarbons, or an oxi- 
dizing reaction of hydrocarbons in the temperature 

35 range where the amount of heat generated by the reac- 
tion is smaller than the characteristic heat value of the 
reacted hydrocarbons. 

[0025] As explained above, oxygen is required for 
producing intermediate hydrocarbon oxide in the low 

40 temperature oxidizing reactions. Further, the produced 
radicals vigorously react with NO x and reduce it to N 2 
even in an oxidizing atmosphere. Therefore, by causing 
the low temperature oxidizing reactions on the RAP cat- 
alyst disposed in the exhaust gas having an excess air 

45 ratio larger than 1 .0, NO x in the exhaust gas is purified 
by the radicals produced by the low temperature oxidiz- 
ing reactions. 

[0026] In contrast to the fact that a conventional 
selective reduction catalyst can achieve only a low NO x 

so reduction efficiency since it reduces NO x in an oxidizing 
atmosphere, the RAP catalyst is capable of reducing 
NO x in an oxidizing atmosphere at a high NO x reduction 
efficiency since the radicals selectively react with NO x 
even in an oxidizing atmosphere. Further, a conven- 

55 tional NO x absorbing and reducing catalyst requires an 
excess air ratio of the exhaust gas to be lower than 1.0 
in order to release and reduce NO x . Therefore, a com- 
plicated control for changing the excess air ratio of the 
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exhaust gas is inevitable when a conventional NO x 
absorbing and reducing catalyst is used. In this point 
the RAP catalyst is also advantageous since the RAP 
^ta^yst<^n r^duce^vlQ^jivthe-exhaust g as wh ileJ see p- 
ing the excess air ratio of the exhaust gas at a fixed 
value larger than 1 .0. 

[0027] From the explanation set forth above, it will 
be understood that the following conditions are required 
for the RAP catalyst in order to obtain a high NO x reduc- 
tion efficiency: 

(1) The low temperature oxidizing reactions occur 
on the catalyst; and 

(2) Hydrocarbon radicals are continuously pro- 
duced by the low temperature oxidizing reactions, tt 
is preferable to adjust the conditions for the reaction 
such as (A) the temperature of the RAP catalyst. 
(B) the excess air ratio of the exhaust gas and (C) 
the supply conditions of the reducing agent in a 
specific range in order to satisfy the conditions (1) 
and (2). Therefore, hereinafter these conditions for 
the reaction will be explained in detail. 

(A) The temperature of the RAP catalyst 

[0028] As explained before, the reducing agent 
such as fuel burns on the catalyst and produces final 
hydrocarbon oxide such as C0 2 without producing 
hydrocarbon radicals in the condition where the oxidiz- 
ing ability of the catalyst is high. Therefore, the RAP cat- 
alyst must be used in the temperature range where the 
oxidizing ability of the catalyst is relatively low. i.e.. the 
temperature range lower than the activated temperature 
of the oxidizing catalytic components. However, if the 
temperature of the catalyst is too low. the oxidizing reac- 
tion itself does not occur. Further, as long as the reduc- 
ing agent supplied to the RAP catalyst maintains its 
liquid phase, a chemical reaction hardly occurs. There- 
fore, the reducing agent supplied to the RAP catalyst 
must be vaporized at least when the low temperature 
oxidizing reactions occur. This requires the temperature 
of the RAP catalyst to be higher than the boiling point of 
the supplied reducing agent. In addition to that, though 
the production rate of the hydrocarbon radicals 
increases as the temperature of the RAP catalyst 
becomes higher within the temperature range where the 
low temperature oxidizing reactions occur, all the reduc- 
ing agent supplied to the catalyst is converted into the 
hydrocarbon radicals at once due to excessively high 
production rate of radicals when the temperature of the 
catalyst is high. If all the reducing agent is converted 
into the hydrocarbon radicals at once, the production of 
the radicals on the catalyst is aborted temporarily due to 
a shortage of the reducing agent supplied to the cata- 
lyst. Further, though a large amount of the radicals is 
produced on the catalyst when the production rate of 
the radicals is excessively high, the radicals produced 
do not remain on the catalyst for a long time. Namely. 



even if a large amount of the radicals is produced, the 
excess amounts of radicals which do not react with the 
NO x in the exhaust gas dissipate by reacting with O2 in 
th e exhaust g as. Therefore, when the production rate of 

5 the radicals is excessively high, i.e., the rate of the low 
temperature oxidizing reactions is too high, a state in 
which the hydrocarbon radicals do not exist on the RAP 
catalyst temporarily occurs. In this state. HO x in the 
exhaust gas cannot be purified. Thus, in order to 

to achieve a high NO x reduction efficiency, the tempera- 
ture of the RAP catalyst must be in the range where the 
rate of the low temperature oxidizing reactions becomes 
relatively low. 

[0029] From the above consideration, the tempera- 
is ture of the RAP catalyst suitable for NO x purification is 
lower than the activated temperature of the oxidizing 
catalytic components of the RAP catalyst and. at the 
same time, higher than the boiling point of the liquid 
reducing agent. In addition to that, the temperature of 
20 the RAP catalyst must be in the range where the low 
temperature oxidizing reactions occur at a relatively low 
reaction rate. 

[0030] Though the suitable temperature range 
explained above varies in accordance with the kind of 
25 the catalytic component and the reducing agent the 
lower limit of the suitable temperature range is about 
170°C when, for example, diesel fuel (light oil) is used 
as the reducing agent 

[0031] The higher limit of the suitable temperature 

30 range becomes lower as the oxidizing ability of the cat- 
alyst becomes higher and becomes higher as the oxi- 
dizing ability of the catalyst becomes lower. Further it 
was found that the higher limit of the suitable tempera- 
ture range may be increased by using catalytic compo- 

35 nents having a reducing ability (such as rhodium Rh) 
together with the catalytic components having a high 
oxidizing ability even when catalytic components having 
a high oxidizing ability are used. When the catalytic 
components having a reducing ability (reducing cata- 

40 lytic components) are used in addition to the catalytic 
components having an oxidizing ability (oxidizing cata- 
lytic components), the oxidizing ability of the oxidizing 
catalytic components is suppressed by the reducing 
ability of the reducing catalytic components and the oxi- 

45 dizing ability of the RAP catalyst as a whole becomes 
relatively low. Especially, if the amounts of the oxidizing 
catalytic components and the reducing catalytic compo- 
nents used for the RAP catalyst are selected in such a 
manner that the oxidizing ability of the oxidizing catalytic 

so components and the reducing ability of the reducing cat- 
alytic components nearly balances, the upper limit of 
the suitable temperature range can be largely 
increased. For example, when the RAP catalyst uses 
only oxidizing catalytic components such as Pt and Pd. 

55 the low temperature oxidizing reactions do not occur in 
the temperature range above the activated temperature 
(around 300°C). However, if reducing catalytic compo- 
nents such as Rh are used in the RAP catalyst in addi- 
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tion to the same oxidizing catalytic components, the 
upper limit of the temperature range where the low tem- 
perature oxidizing reactions occur rises up to about 

~430°C: 

[0032] Therefore, it is concluded that the suitable 
temperature range of the RAP catalyst for purifying NO x 
in the exhaust gas is approximately between 170 to 
430°C. 

(B) The excess air ratio of the exhaust gas 



lively low rate through the evaporation process. Thus, 
by supplying the reducing agent in a liquid form, the pro- 
duction rate of the hydrocarbon radicals is lowered and. 
-th e reb y the iadiGals^^^ntinuously-producecLc 



[0033] The low temperature oxidizing reactions 
requires oxygen in order to produce hydrocarbon radi- 
cals. Therefore, the excess air ratio of the exhaust gas 
supplied to the RAP catalyst must be adjusted to a is 
value higher than 1 .0. On the other hand, the reaction 
rate of the low temperature oxidizing reactions becomes 
higher as the oxygen concentration in the exhaust gas is 
higher. Therefore, when the oxygen concentration in the 
exhaust gas is excessively high, all the reducing agent 20 
supplied to the RAP catalyst is converted into the hydro- 
carbon radicals at once due to high reaction rate of the 
low temperature oxidizing reactions. Similarly to the 
case where the temperature of the RAP catalyst is 
excessively high, this causes deterioration of the NO x 25 
reducing efficiency due to the shortage of the radicals. 
Therefore, the excess air ratio of the exhaust gas must 
be in a specific range larger than 1 .0 in order to obtain a 
high NO x reduction efficiency. 

[0034] Though the suitable excess air ratio range 20 
varies in accordance with the catalytic components 
used and the temperature of the RAP catalyst, it is 
found that the highest NO x reduction efficiency can be 
achieved when the excess air ratio of the exhaust gas is 
between 1 .0 and 1 .7 if the RAP catalyst uses Pt and Pd. 35 
[0035] Since the operating air-fuel ratio ol a normal 
diesel engine can be lowered to around 1 .6. the excess 
air ratio range between 1.0 and 1.7 can be easily 
achieved by a normal diesel engine. 

40 

(C) The supply conditions of the reducing agent 

[0036] As explained above, it is preferable that the 
reducing agent supplied to the RAP catalyst is not con- 
verted to hydrocarbon radicals at once, but continuously 45 
produces hydrocarbon radicals on the RAP catalyst at a 
relatively low reaction rate. For this purpose, it is prefer- 
able that the reducing agent supplied reaches the RAP 
catalyst in a liquid form rather than in a gaseous form 
because, if the reducing agent reaches the RAP cata- so 
lyst in a gaseous form, the rate of the reaction on the 
RAP catalyst becomes excessively high and an immedi- 
ate conversion of the reducing agent into hydrocarbon 
radicals may occur. If the reducing agent reaches the 
RAP catalyst in a liquid form, an evaporation of the ss 
reducing agent occurs before the low temperature oxi- 
dizing reactions occur. Therefore, the reducing agent 
supplied to the catalytic components reacts at a rela- 



RAP catalyst 

[0037] The conditions for obtaining a high NO x 
reduction efficiency using RAP catalysts as explained 
above are summarized as follows. 

w (A) The temperature of the RAP catalyst is main- 
tained at a specific temperature range where the 
low temperature oxidizing reactions occur (for 
example, the temperature in the range 170°C to 
430°C). This suitable temperature range is higher 
than the boiling point of the reducing agent used 
and. at the same time, lower than the activated tem- 
perature of the catalytic components having an oxi- 
dizing ability 

(B) The excess air ratio of the exhaust gas supplied 
to the RAP catalyst is maintained in the range 
where the production rate of the hydrocarbon radi- 
cals does not become excessively high (for exam- 
ple, the excess air ratio in the range 1.0 to 1.7). 

(C) A liquid reducing agent is used, and the reduc- 
ing agent reaches the RAP catalyst in the liquid 
phase. 

[0038] In the embodiments of the present invention 
explained hereinafter, a high NO x reduction efficiency is 
achieved by satisfying the conditions (A) to (C) listed 
above. 

[1] The first embodiment 

[0039] Fig. 1 illustrates a general configuration of 
the exhaust gas purification device using an embodi- 
ment of the method according to the present invention. 
[0040] In Fig. 1 , reference numeral 3 designates an 
exhaust gas passage through which combustion 
exhaust gas such as from an internal combustion 
engine or a furnace flows. Numeral 10 is a RAP catalyst 
disposed in the exhaust gas passage 3. In this embodi- 
ment, a reducing agent supply unit 20 which supplies a 
liquid reducing agent to the RAP catalyst 10 is disposed 
in the exhaust gas passage upstream of the RAP cata- 
lyst 10. 

[0041 ] The reducing agent supply unit 20 includes a 
pressurized reducing agent supply source 21 such as a 
tank or a pump, a reducing agent injection nozzle 23 for 
injecting the reducing agent into the exhaust gas pas- 
sage 3 upstream of the RAP catalyst 10. Numeral 25 
designates a flow control valve for adjusting the flow of 
the reducing agent supplied to the RAP catalyst 10. 
[0042] Any substance which evaporates on the cat- 
alyst 10 and produces hydrocarbons may be used as 
the reducing agent. In this embodiment, fuel having a 
relatively low volatility, such as kerosene or diesel fuel is 
used as the reducing agent. The reducing agent injec- 
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tion nozzle 23 is disposed near the RAP catalyst 10 so [0047] Further, though only oxidizing catalytic corn- 
that the injected reducing agent reaches the RAP cata- ponents such as Pt and Pd are used for the RAP cata- 
lyst 10 in the form of liquid before it evaporates in the lyst 10. reducing catalytic components such as rhodium 

exhaust-gas^ (Rh)-ma y be added to th e RAP rataly^lOJathis_case^ 

[0043] The RAP catalyst 10 used in the present s if the amount of Rh added to the RAP catalyst 10 is 

embodiment has a construction similar to that of con- selected in such a manner that the oxidizing ability of 

ventional Pt/Pd base selective reduction catalyst. the oxidizing catalytic components Pt. Pd and the 

Namely the RAP catalyst 10 uses substrate made of reducing ability of the reducing catalytic component Rh 

porous zeolite (such as ZSM5). and oxidizing catalytic balance as a whole, a high NO x reduction efficiency of 

components such as platinum (Pt) and palladium (Pd) w the RAP catalyst 10 can still be achieved in a higher 

are attached to the substrate. The internal combustion temperature range, 
engine or the furnace to which the exhaust gas passage 

is connected is controlled in such a manner that the [2] The second embodiment 
excess air ratio of the exhaust gas passing through the 

exhaust gas passage 3 falls in the range 1 .0 to 1 .7. Fur- ts [0048] Fig. 2 illustrates a general configuration of 

ther. the distance between the RAP catalyst 10 and the the exhaust gas purification device using a second 

source of the exhaust gas such as the engine or furnace embodiment of the method according to the present 

is set in such a manner that the temperature of the invention. 

exhaust gas at the inlet of the RAP catalyst 10 falls to [0049] In Fig. 2. reference numerals the same as 

within a specific temperature range where the low tern- 20 those in Fig. 1 designate elements similar to those in 

perature oxidizing reactions occur on the RAP catalyst Fig. 2. 

10. This specific temperature range is higher than the [0050] In Fig. 2. the RAP catalyst 10 is disposed on 
boiling point (for example. 1 70°C) of the reducing agent an exhaust gas passage of an internal combustion 
and lower than the activated temperature (for example. engine (in this embodiment, a diesel engine). In this 
300°C) of the oxidizing catalytic components on the 25 embodiment, diesel fuel, the same as the fuel used in 
RAP catalyst 10. the engine, is injected from the nozzle 23 of the reduc- 
[0044] In this embodiment, the amount of the reduc- ing agent supply unit 20. Further, in this embodiment a 
ing agent injected from the nozzle 23 is controlled by carrier air supply unit 40 is provided. The carrier air sup- 
adjusting the degree of opening of the flow control valve ply unit 40 includes an air nozzle 41 disposed on the 
23 using a control unit 30 consisting of. for example, a 30 exhaust gas passage 3 upstream of the reducing agent 
microcomputer. The amount of the reducing agent injection nozzle 23. and a pressurized air source 43 
injected from the nozzle 23 is controlled in accordance such as an air tank or an electric air pump capable of 
with the flow rate of the exhaust gas in the exhaust gas supplying carrier air to the exhaust gas passage 3 
passage 3 and the NO x concentration thereof. before the engine 1 starts. 

[0045] When the reducing agent is injected from the 35 [0051 ] In this embodiment, the reducing agent is 

nozzle 23. it reaches the RAP catalyst 10 in the form of supplied to the RAP catalyst 10 before the engine is 

liquid and evaporates on the RAP catalyst 10 at a rela- started, for example, the period after the engine main 

tively low evaporating rate. Since the temperature and switch is turned on and before the engine starting oper- 

the excess air ratio of the exhaust gas are adjusted to ation (such as cranking) begins. Namely, when the con- 

the range where the low temperature oxidizing reactions 40 trol unit 30 detects that the engine main switch is turned 

occur on the RAP catalyst 1 0. the reducing agent evap- on. it activates the electric air pump 43 in order to supply 

orated on the RAP catalyst 10 is converted to the hydro- carrier air from the nozzle 41. By injecting carrier air 

carbon radicals via the intermediate hydrocarbon oxide. from the nozzle 41. injected air flows through the RAP 

Further, since the produced radicals selectively react catalyst 10 and through the exhaust gas passage 3. At 

with NO x in the exhaust gas. NO x in the exhaust gas is 45 the same time as the pump 43 is activated, the control 

purified (reduced) at a high NO x reduction efficiency. unit 30 opens the flow control valve 25 in order to inject 

[0046] The reducing agent may be injected from the fuel from the nozzle 23. Thus, fuel injected from the noz- 

nozzle 23 continuously, or intermittently by pulse-like zle 23 is carried by the air stream in the exhaust gas and 

injection. The substrate of the RAP catalyst 10 used in reaches the RAP catalyst 10. Since the temperature of 

the present embodiment is capable of adsorbing hydro- so the RAP catalyst 10 is low before the engine 1 is 

carbons in the exhaust gas. Therefore, even if the started, fuel reaches the catalyst 10 in the liquid form, 

reducing agent is injected from the nozzle 23 intermit- Therefore, fuel reaching the RAP catalyst 10 attaches to 

tently. a portion of the reducing agent injected from the the surface of the RAP catalyst 10. The control unit 30 

nozzle 23 is adsorbed by the substrate of the RAP cat- begins the starting operation of the engine after the 

alyst 10. This adsorbed reducing agent gradually comes 55 injections of reducing agent and carrier air are contin- 

out from the substrate in the period between the injec- ued for a predetermined period. The time required for 

tions and produces hydrocarbon radicals, continuously, injecting fuel and carrier air is determined by experiment 

by the low temperature oxidizing reactions. in such a manner that the whole surface of the RAP cat- 
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alyst 10 is covered by fuel injected from the nozzle 23. 
[0052] By injecting reducing agent before the start- 
ing operation of the engine 1 . the engine is started in the 
condition where the whole surface of the RAF 
10 is covered by reducing agent. In this embodiment 
the fuel injection amount.of the engine 1 is set at a value 
such thai the operating excess air ratio of the engine 1 
is lower than normal diesel engines (for example, the 
operating excess air ratio of about 1 .6). Further, the dis- 
tance between the engine 1 and the RAP catalyst 10 is 
selected in such a manner that the temperature of the 
exhaust gas arriving at the RAP catalyst 10 during the 
operation of the engine 1 does not exceed the upper 
limit of the specific temperature range where the low 
temperature oxidizing reactions occur on the RAP cata- 
lyst 10. 

[0053] When the exhaust gas of the engine 1 
reaches the RAP catalyst 10 after the engine has 
started, the temperature of the RAP catalyst 10 rises 
and falls in the temperature range where the low tem- 
perature oxidizing reactions occur. In this temperature 
range, the reducing agent which covers the whole sur- 
face of the RAP catalyst 10 gradually evaporates. Fur- 
ther, since the excess air ratio of the exhaust gas of the 
engine 1 is controlled at about 1 .6. the low temperature 
oxidizing reactions of the reducing agent occur over the 
entire surface of the catalyst 10 when the temperature 
of the RAP catalyst 10 rises to the required temperature 
range. Thus, hydrocarbon radicals are gradually pro- 
duced on the entire surface of the RAP catalyst 10. 
Since the produced hydrocarbon radicals attach to the 
surface of the catalytic components such as Pt, Pd. the 
entire surface of the RAP catalyst 10 is covered with 
hydrocarbon radicals. The number of radicals covering 
the surface of the catalyst 10 decreases as the radicals 
are used for the reaction with NO x . Therefore, if the 
reducing agent is not supplied to the catalyst 10 after 
the engine started, all of radicals on the surface of the 
catalytic components are used up by the reaction with 
NO x . If the condition where radicals do not cover the 
catalytic components occurs, oxygen and NO x in the 
exhaust gas attach to the surface of the catalytic com- 
ponents in lieu of hydrocarbon radicals. When oxygen 
or NO x in the exhaust gas attach to the catalytic compo- 
nents, hydrocarbon radicals are hardly produced even rf 
the reducing agent is supplied to the catalytic compo- 
nents. Therefore, in this embodiment, the injection of 
the reducing agent from the nozzle 23 is continued after 
the engine started in order to maintain the RAP catalyst 
10 in the condition where the surface of the catalytic 
components are covered with hydrocarbon radicals. 
The amount of the reducing agent supplied to the RAP 
catalyst 10 after the engine has started is determined in 
such a manner that the amount of radicals used for 
reducing NO x can be continuously produced. Therefore, 
the RAP catalyst 10 is always covered with radicals, 
during the engine operation, over its entire surface. By 
maintaining the condition where the entire surface of the 



RAP catalyst 10 is covered with hydrocarbon radicals, a 
sufficient amount of hydrocarbon radicals become avail- 
able even when the NO x concentration in the exhaust 

aries^ue4o-the-change-in4he-operating conditic 
of the engine. Thus, the release of NO x into the atmos- 
phere due to the change in the operating condition of 
the engine does not occur in this embodiment. In this 
embodiment, similarly to the previous embodiment, the 
injection of the reducing agent from the nozzle 23 may 
io be carried out continuously or intermittently. 

[3] The third embodiment 

[0054] In this embodiment, an exhaust gas purifica- 
is tion device the same as in Fig. 2 is used. However, the 
amount of hydrocarbon radicals produced on the RAP 
catalyst 10 is controlled by changing the operating con- 
dition of the engine and the supply amount of the reduc- 
ing agent in accordance with the property of the 
20 reducing agent. 

[0055] The production rate of hydrocarbon radicals 
changes in accordance with the property of the reduc- 
ing agent even if other conditions, such as the tempera- 
ture of the catalyst, the oxygen concentration and the 
amount of the reducing agent are not changed. For 
example, when diesel fuel is used as the reducing 
agent, it was found that the production rate of hydrocar- 
bon radicals increases as the cetane number of fuel 
becomes larger even if other conditions are the same. 
[0056] Therefore, if the supply conditions of the 
reducing agent are always fixed, the NO x reduction effi- 
ciency of the RAP catalyst 10 becomes low in some 
cases. For example, if diesel fuel having a cetane 
number lower than usual is used for the engine 1. the 
production rate of hydrocarbon radicals decreases 
accordingly and the shortage of hydrocarbon radicals 
may occur. In order to solve this problem, the conditions 
such as the temperature of the catalyst and the supply 
amount of the reducing agent are changed in accord- 
40 ance with the change in the cetane number of diesel 
fuel used for the engine 1 . 

[0057] In this embodiment, the cetane number of 
fuel is detected by monitoring the firing pressure in the 
combustion chamber of the engine 1. Fig. 3 schemati- 

45 cally illustrates the change in the pressure in the com- 
bustion chamber of a diesel engine during the 
compression stroke and the expansion stroke. As can 
be seen from Fig. 3, the pressure in the combustion 
chamber increases as the piston moves upward during 

so the compression stroke. Further, when fuel is injected 
into the combustion chamber near the top dead center 
of the compression stroke (the point A in Fig. 3). the 
pressure in the combustion chamber rapidly increases 
due to the combustion of the injected fuel. In this case. 

55 the pressure in the combustion chamber smoothly 
increases until fuel is injected. The temperature is lower 
than the igniting temperature of fuel in the early stage of 
the compression stroke. Therefore, even if fuel is 
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injected in the early stage of the compression stroke. m 
combustion of fuel and the pressure rise accompanying 
thereto does not occur. Thus, it is considered that the 
pressure — in — the — Gornbustiori — chamber — smoo thl y— 
increases in the early stage of the compression stroke, 
as shown in Fig. 3 by the solid line, even if fuel is 
injected during this period. However, the actual pres- 
sure in the combustion chamber temporarily increases 
as shown in Fig. 3 by the broken line when fuel is 
injected in the early stage of the compression stroke (for 
example, at the point indicated by B in Fig. 3). After this 
temporary rise in the pressure, the pressure in the com- 
bustion chamber returns to the normal change (i.e., the 
change shown by the solid line in Fig. 3). 
[0058] It is believed that the temporary pressure 
rise in Fig. 3 occurs due to the oxidizing reaction of lin- 
ear hydrocarbons having a high cetane number in the 
injected fuel. Namely, when fuel is injected in the early 
stage of the compression stroke, linear hydrocarbons in 
fuel are partially oxidized and form intermediate oxides 
of hydrocarbons, and the pressure rises due to the heat 
produced by the oxidizing reaction. As the amount of the 
components having a low cetane number becomes 
larger, the amount of oxidized hydrocarbons increases. 
Therefore, the amount of the pressure rise (AP in Fig. 3) 
becomes larger as the cetane number of fuel increases. 
This means that the pressure difference AP. i.e.. the dif- 
ference between the peak pressure during the tempo- 
rary rise in the pressure and the normal pressure during 
the compression stroke can be used as a parameter 
representing the cetane number of fuel. 
[0059] In this embodiment, a combustion pressure 
sensor which is capable of detecting combustion pres- 
sure in the combustion chamber is disposed in one of 
the cylinders of the engine. The cetane number of fuel 
used is periodically detected by injecting small amount 
of fuel in the early stage of the compression stroke and 
measuring the peak value of the temporary pressure 
rise in the combustion chamber by the combustion pres- 
sure sensor. The cetane number of fuel used is deter- 
mined by calculating the difference AP between the 
measured peak pressure and the pressure of the nor- 
mal pressure in the compression stroke. 
[0060] Further, in this embodiment the control unit 
30 adjusts the conditions of the reaction on the RAP cat- 
alyst 10 based on the determined cetane number so 
that the required amount of hydrocarbon radicals are 
always produced on the RAP catalyst 10. For example, 
if the cetane number of fuel used is low, since the 
amount of hydrocarbon radicals produced on the RAP 
catalyst 10 decreases, the control unit 30 increases the 
amount of fuel injected from the nozzle 23 in order to 
prevent the shortage of hydrocarbon radicals from 
occurring on the RAP catalyst 10. Thus, the deteriora- 
tion of the NO x reduction efficiency due to change in the 
property of fuel used can be prevented. 
[0061] As explained before, the production rate of 
hydrocarbon radicals on the RAP catalyst 10 increases 



as the temperature of the RAP catalyst 10 becomes 
higher. Therefore, the temperature of the exhaust gas 
may be increased by changing the load condition of the 
engine 1 when the cet ane number of the fuel is low. Fur- 

5 ther. since the production rate of the hydrocarbon radi- 
cals increases as the oxygen concentration in the 
exhaust gas becomes higher, the excess air ratio of the 
exhaust gas may be increased by reducing the fuel 
injection amount of the engine when the cetane number 

io of fuel is low. 

[4] The fourth embodiment 

[0062] As explained before, the production rate or 

ts the production amount of hydrocarbon radicals changes 
in accordance with the temperature of the RAP catalyst 
and the oxygen concentration. However, since the tem- 
perature of the RAP catalyst and the oxygen concentra- 
tion in the exhaust gas around the RAP catalyst are 

20 determined by the temperature and the excess air ratio 
of the exhaust gas if the RAP catalyst is disposed in the 
exhaust gas passage of an internal combustion engine. 
Therefore, the temperature and oxygen concentration in 
the exhaust gas around the RAP catalyst are deter- 

25 mined by the operating condition of the engine. This 
means that the production rate of hydrocarbon radicals 
changes if the operating condition of the engine 
changes. Further, the production rate of the hydrocar- 
bon radicals must be changed in accordance with the 

30 amount of NO x in the exhaust gas in order to achieve a 
high NO x reduction efficiency 

[0063] In this embodiment the supply condition of 
the reducing agent is adjusted in accordance with the 
change in the conditions affecting the production rate of 

35 hydrocarbon radicals (for example, the temperature and 
the excess air ratio of the exhaust gas). Thus, in this 
embodiment the change in the production rate of the 
hydrocarbon radicals due to the change in the operating 
condition of the engine is prevented. Further, in this 

40 embodiment the production rate of hydrocarbon radi- 
cals on the RAP catalyst is adjusted in accordance with 
the amount of NO x in the exhaust gas. 
[0064] Fig. 4 illustrates the general configuration of 
a device for carrying out another embodiment of the 

45 method according to the present invention. In Fig. 4, ref- 
erence numerals the same as those in Fig. 3 represent 
similar elements as those in Fig. 3. 
[0065] In this embodiment, an oxygen sensor 31 
which is capable of detecting the oxygen concentration 

so in the exhaust gas is disposed in the exhaust gas pas- 
sage 3 upstream of the reducing agent nozzle 23. Fur- 
ther, a temperature sensor 33 for detecting the 
temperature of the exhaust gas and a NO x sensor 35 for 
detecting the NO x concentration in the exhaust gas are 

55 disposed in the exhaust gas passage downstream of 
the RAP catalyst 10. The control unit 30 monitors the 
oxygen concentration C. the temperature T and the NO x 
concentration CNO x at a predetermined interval using 
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the respective sensor 31. 33. 35 and calculates the 
amount of changes AC, AT and ACNO x in the oxygen 
concentration C. the temperature T and the NO x con- 
^entrationOJQ^uring-thepr^eter^ — 
Thus, AC. AT and ACNO x represents rates of changes 
in the oxygen concentration C. the temperature T and 
the NO x concentration CNO x , respectively. In this 
ernbodiment, the control unit 30 adjusts the amount of 
the reducing agent injected from the reducing agent 
nozzle 23 based on AC. AT and ACNO x . 
[0066] For example, if the rate of the change in the 
oxygen concentration in the exhaust gas AC is a posi- 
tive value, since this means that the amount of hydro- 
carbon radicals produced on the RAP catalyst 10 is now 
increasing, the control unit decreases the amount of the 
reducing agent injected from the nozzle 23 by a prede- 
termined amount at a time as long as the value of AC is 
positive- On the other hand, if AC is a negative value, 
since this means that the amount of hydrocarbon radi- 
cals produced on the RAP catalyst 10 is now decreas- 
ing, the control unit 30 increasing the injection amount 
of the reducing agent from the nozzle 23 by the prede- 
termined amount at a time as long as the value of AC is 
negative. 

[0067] Similarly, if the rate of the change in the 
exhaust gas temperature AC is a negative value, the 
amount of the production of the hydrocarbon radicals is 
increasing and. if AC is a positive value, the amount of 
the production of the hydrocarbon radicals is decreas- 
ing. Therefore, the control unit 30 decreases the 
amount of the reducing agent injected from the nozzle 
23 by a predetermined amount at a time as long as the 
value of AC is positive, and reduces the same by a pre- 
determined amount at a time as long as the value of AC 
- is negative. 

[0068] Further, if the rate of the change aCNO x in 
the concentration of NO x in the exhaust gas is a positive 
value, this means that the amount of the production of 
the hydrocarbon radicals on the RAP catalyst 10 is not 
sufficiently large (or the amount of NO x in the exhaust 
gas increases) and the shortage of hydrocarbon radi- 
cals has occurred on the RAP catalyst 10. Therefore, in 
this case, the control unit 30 increases the amount of 
the reducing agent injected from the nozzle 23 by an 
amount proportional to the value ACNO x in order to 
increase the amount of the hydrocarbon radicals on the 
RAP catalyst 10 as soon as possible. 
[0069] As explained above, the amount of produc- 
tion (i.e.. the production rate) of hydrocarbon radicals on 
the RAP catalyst 10 can be adjusted so that a suitable 
amount of hydrocarbon radicals exist on the RAP cata- 
lyst 10 by controlling the injection amount of the reduc- 
ing agent in accordance with the oxygen concentration 
and the temperature of the exhaust gas and the NO x 
concentration in the exhaust gas downstream of the 
RAP catalyst 10. Thus, in this embodiment, a high NO x 
reduction efficiency of the RAP catalyst 10 can be 
always achieved. 



[0070] Though the injection amount of the reducing 
agent is adjusted in accordance with the NO x concen- 
tration in the exhaust gas downstream of the catalyst 

10. the con centration of hydrocarbon radicals (such as 

5 the concentration of aldehyde) in the exhaust gas down- 
stream of the catalyst 10 may be used in lieu of. or in 
addition to. the NO x concentration. Namely, if the 
amount of the hydrocarbon radicals on the catalyst 10 is 
not sufficient compared to the amount of NO x in the 

yo exhaust gas. the amount of hydrocarbon radicals in the 
exhaust gas downstream of the catalyst 10 decreases. 
Therefore, the amount of hydrocarbon radicals on the 
catalyst 10 can be kept at a suitable value, for example, 
by increasing the amount of the reducing agent injected 

75 from the nozzle 23 when the concentration of the hydro- 
carbon radicals in the exhaust gas downstream of the 
catalyst 10 decreases. 

[5] The fifth embodiment 

20 

[0071] Fig. 5 illustrates a general configuration of 
the exhaust gas purification device using a fifth embod- 
iment of the method according to the present invention. 
[0072] In Fig. 5. reference numerals the same as 
25 those in Fig. 2 designate elements similar to those in 
Fig. 2. 

[0073] In this embodiment, two RAP catalysts 15 
and 10 are disposed in series in the exhaust gas pas- 
sage 3 downstream of the reducing agent nozzle 23. In 

30 this embodiment, though the RAP catalyst 10 (the 
downstream RAP catalyst) has the construction the 
same as the RAP catalyst 10 in the second embodi- 
ment the RAP catalyst 15 (the upstream RAP catalyst) 
has a slightly different construction. Namely, though the 

35 upstream RAP catalyst 15 also uses oxidizing catalytic 
components such as Pt Pd and is capable of producing 
hydrocarbon radicals by the low temperature oxidizing 
reactions, the catalyst 15 uses a substrate made of sub- 
stance such as aluminum and does not adsorb or hold 

40 the reducing agent supplied to the catalyst 15. Further, 
the amounts of the oxidizing catalytic components used 
in the upstream RAP catalyst 15 is smaller than that of 
the downstream RAP catalyst 10, thereby the oxidizing 
ability of the upstream RAP catalyst 15 is smaller than 

45 the oxidizing ability of the downstream RAP catalyst 1 0. 
[0074] In this embodiment, the engine 1 is operated 
at a relatively low excess air ratio (for example, around 
1.6). Further, the locations of the catalysts 15 and 10 
are selected so that the temperatures of the catalysts 1 5 

50 and 10 do not exceed the upper limit of the temperature 
range where the low temperature oxidizing reactions 
occur during the operation of the engine 1 . 
[0075] When the engine 1 is operated, a liquid 
reducing agent (diese! fuel) is injected into the exhaust 

55 gas passage 3 also in this embodiment When the 
injected reducing agent reaches the upstream RAP cat- 
alyst 15. hydrocarbon radicals are produced by the low 
temperature oxidizing reactions on the RAP catalyst 15. 
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and NO x in the exhaust gas is reduced by hydrocarbon 
radicals produced on the catalyst 15, As explained 
before, it is preferable to lower the oxidizing ability of the 

\P-catal ystin^rder-to-produce-fjydrocar^ 
continuously on the RAP catalyst In this embodiment 
since the oxidizing ability of the upstream RAP catalyst 
15 is relatively low. hydrocarbon radicals are continu- 
ously produced on the upstream RAP catalyst 15 and. 
thereby, the NO x reduction efficiency of the upstream 
RAP catalyst 1 5 is improved. 

[0076] However, when the oxidizing ability of the 
RAP catalyst is low, though hydrocarbon radicals can be 
produced continuously, the amount of reducing agent 
passing through without being oxidized by the RAP cat- 
alyst increases. This causes an increase in the concen- 
tration of unpurified hydrocarbons in the exhaust gas 
downstream of the RAP catalyst If substrate capable of 
adsorbing hydrocarbon, such as a substrate made of 
porous zeolite (the substrate similar to that of the down- 
stream RAP catalyst 10) is used for the RAP catalyst 
the increase in the hydrocarbon concentration of the 
downstream exhaust gas may be suppressed to some 
extent However, even such a substrate is used, a small 
amount of hydrocarbons still pass through the RAP cat- 
alyst 

[0077] Therefore, in this embodiment, the upstream 
RAP catalyst 15 is not provided with the capability of 
adsorbing hydrocarbon so that hydrocarbons not oxi- 
dized on the upstream RAP catalyst 15 pass through 
the catalyst 15. All of the hydrocarbons passing through 
the upstream RAP catalyst 15 flow into the downstream 
RAP catalyst 10. Since the temperature of the down- 
stream RAP catalyst 10 is also kept in the range where 
the low temperature oxidizing reactions occur, hydrocar- 
bon radicals are produced on the downstream RAP cat- 
alyst 10 from the hydrocarbons passing through the 
upstream RAP catalyst 15. Therefore, NO x in the 
exhaust gas passing through the upstream RAP cata- 
lyst 15 is purified by the hydrocarbon radicals produced 
on the downstream RAP catalyst 10. Since the down- 
stream RAP catalyst 10 has a larger oxidizing ability, 
hydrocarbons which are not converted into hydrocarbon 
radicals are oxidized to C0 2 and H 2 0 on the down- 
stream RAP catalyst 10 and hydrocarbons not oxidized 
on the downstream RAP catalyst 10. if any, are 
adsorbed by, and held in, the porous zeolite substrate of 
the downstream RAP catalyst 10. Thus, in this embodi- 
ment substantially no hydrocarbon passes through the 
downstream RAP catalyst 10 while the NO x reduction 
efficiencies of the RAP catalysts 15 and 10 are 
improved as a whole. 

[0078] An exhaust gas purifying catalyst (1 0) is dis- 
posed in an exhaust gas passage (3). The exhaust gas 
purifying catalyst contains an oxidizing catalytic compo- 
nent having an oxidizing ability and produces hydrocar- 
bon radicals by a low temperature oxidizing reactions of 
a reducing agent supplied to the catalyst when the tem- 
perature of the exhaust gas purifying catalyst is within a 



specific range. The low temperature oxidizing reactions 
is an oxidizing reaction in which the reducing agent is 
oxidized without accompanying combustion and forms 
ydrocar bon radicals. A reducing agent is supplied to 
5 the exhaust gas purifying catalyst while keeping the 
temperature of the catalyst within the specific range in 
order to produce hydrocarbon radicals on the catalyst 
At the same time, combustion exhaust gas having an 
excess air ratio equal to or larger than 1 .0 is supplied to 
iq the catalyst, whereby NO x in the exhaust gas reacts 
with hydrocarbon radicals produced on the catalyst and 
is reduced to N 2 . 
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Claims 

1. A method for purifying combustion exhaust gas 
comprising steps of: 

disposing an exhaust gas purifying catalyst in 
an exhaust gas passage through which com- 
bustion exhaust gas flows, said catalyst con- 
taining an oxidizing catalytic component having 
an oxidizing capability and burning a reducing 
agent supplied to the catalyst in the presence 
of oxygen when the temperature of catalyst is 
above a specif ic temperature range and. when 
the temperature of the catalyst is within the 
specific temperature range, causing a low tem- 
perature oxidizing reactions in which an active 
substance is produced by oxidation, without 
accompanying combustion, of the reducing 
agent supplied to the catalyst in the presence 
of oxygen; 

supplying a reducing agent to the catalyst while 
keeping the temperature of the catalyst within 
the specific temperature range, thereby contin- 
uously producing the active substance by 
causing the low temperature oxidizing reac- 
tions of the reducing agent; and 
supplying an exhaust gas having an excess air 
ratio equal to or higher than 1.0 to the catalyst 
through the exhaust gas passage and purifying 
NO x in the exhaust gas by reacting NO x in the 
exhaust gas with the active substance pro- 
duced on the catalyst. 

2. A method as set forth in claim 1. wherein the 
excess air ratio of the exhaust gas is in the range 
from 1.0 to 1.7. 

50 

3. A method as set forth in claim 2. wherein the 
exhaust gas purifying catalyst containing an oxidiz- 
ing catalytic component having an oxidizing capa- 
bility and a reducing catalytic component having a 

55 reducing capability and wherein the amount of the 
oxidizing catalytic component and the amount of 
the reducing catalytic component are selected so 
that the oxidizing ability of the catalyst derived from 
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the oxidizing catalytic component substantially bal- 
ances the reducing capability of the catalyst derived 
from the reducing catalytic components. 



amount of the active substance used in the reaction 
withNO x . 

-9. — A^ethod-^-setJor4hJruciaim_5^JV^erein_lquid_ 



4. A method as set forth in one of claims 1 to 3. 
wherein the exhaust gas purifying catalyst continu- 
ously producing the active substance by storing the 
supplied reducing agent in the catalyst and causing 
the low temperature oxidizing reactions of the 
reducing agent stored in the catalyst in the pres- 
ence of the oxygen when the temperature of the 
catalyst is within the specific temperature range. 

5. A method for purifying an exhaust gas of an internal 
combustion engine comprising steps of: 

disposing an exhaust gas purifying catalyst in 
an exhaust gas passage of an internal combus- 
tion engine, said catalyst containing an oxidiz- 
ing catalytic component having an oxidizing 
ability and storing a reducing agent supplied to 
the catalyst therein and purifying NO x by selec- 
tively reacting NO x with the reducing agent in 
an oxidizing atmosphere when the temperature 
of the catalyst is higher than a predetermined 
activated temperature; 

supplying a reducing agent to the catalyst and 
raising the temperature of the catalyst to a spe- 
cific temperature range higher than a boiling 
point and lower than the activated temperature 
of the catalyst in an oxidizing atmosphere so 
that a low temperature oxidizing reactions of 
the reducing agent in which an active sub- 
stance is produced by an oxidation, without 
accompanying combustion, of the reducing 
agent occurs; and 

supplying the exhaust gas of the internal com- 
bustion engine to the catalyst and purifying 
NO x in the exhaust gas by reacting NO x in the 
exhaust gas with the active substance pro- 
duced on the catalyst. 

6. A method as set forth in claim 5, wherein the reduc- 
ing agent is supplied to the catalyst before the inter- 
nal combustion engine is started. 

7. A method as set forth in claim 5, wherein the 
exhaust gas purifying catalyst contains at least one 
of platinum and palladium as a catalytic component 
and is capable of adsorbing the produced active 
substance to the surface of the catalytic compo- 
nent 

8. A method as set forth in one of claims 5 to 7. 
wherein the reducing agent is supplied to the 
exhaust gas purifying catalyst, continuously, in such 
a manner that the active substance is continuously 
produced on the catalyst in order to replenish the 
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hydrocarbon is used as the reducing agent and the 
method further comprises a step of changing at 
least one of the amount of the reducing agent and 
the temperature of the catalyst in accordance with 
the property of the liquid hydrocarbon used as the 
reducing agent. 

10. A method as set forth in claim 5. further comprising 
steps of detecting the concentration of a specific 
component in the exhaust gas and changing the 
supply condition of the reducing agent in accord- 
ance with the concentration of a specific compo- 
nent in the exhaust gas. 
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A method as set forth in claim 5, further comprising 
step of disposing a second catalyst in the exhaust 
gas passage upstream of the exhaust gas purifying 
catalyst, said second catalyst containing an oxidiz- 
ing catalytic component having an oxidizing ability 
and causing the low temperature oxidizing reac- 
tions of the reducing agent supplied to the second 
catalyst in the oxidizing atmosphere when the tem- 
perature of the second catalyst is within a specific 
range, and the oxidizing ability of the second cata- 
lyst is lower than the oxidizing ability of the exhaust 
gas purifying catalyst. 



12 



XXtD: <EP I033479A2 J_> 



EP 1 033 479 A2 



Fig.1 



1 



20 




23 



10 

J- 



3 




7 

25 



REDUCING 

AGENT 

SOURCE 



< 



CONTROL 
UNIT 



21 



30 



DOCID: <EP I033479A2 J_> 



13 



EP 1 033 479 A2 



Fig. 2 




14 



EP 1 033 479 A2 



CO 



<z> 

Cx3 I— I 

CO 
GO ZD 
CQCO 

ceo 

CUCJ) 



Fig. 3 


COMPRESSION „i 
STROKE 


he— 






f fTDC 


B A 




CRANK ANGLE 



DOCID <EP 1033479A2_I_- 



15 



EP 1 033 479 A2 



Fig.A 



www 



20 



3- 
23, 



31 



10 
1 



I r 1 

AA 




33 35 



7 

25 



REDUCING 

AGENT 

SOURCE 



CONTROL 
UNIT 

"1 

30 



t i 



21 



16 



EP 1 033 479 A2 



F i g. 5 




7 

25 





1 


CONTROL 




UNIT 



.30 



REDUCING 

AGENT 

SOURCE 



-21 



XCH>. <EP 1033479A2J_> 



17 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(id EP 1 033 479 A3 

ttJROPEAMIWrENTnAPPtteATION 



(88) Date of publication A3: 

05.12.2001 Bulletin 2001/49 

(43) Date of publication A2: 

06.09.2000 Bulletin 2000/36 

(21) Application number 001 04359.5 

(22) Date of filing: 02.03.2000 



(51) inter 7 : F01N3/20, B01D 53/94 



(84) Designated Contracting States: 


• Tsukasaki, Yukthiro 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Toyota-shi, Aichi-ken 471-8571 (JP) 


MC NLPTSE 


• Ishtyama, Shinobu 


Designated Extension States: 


Toyota-shi, Aichi-ken 471-8571 (JP) 


ALLTLVMK RO SI 


♦ Kobayashi, Masaaki 




Toyota-shi, Aichi-ken 471-8571 (JP) 


(30) Priority: 03.03.1999 JP 5555499 


• Tahara, Jun 


Toyota-shi, Aichi-ken 471-8571 (JP) 


(71) Applicant: TOYOTA JIDOSHA KABUSHIKI 




KAISHA 


(74) Representative: 


Aichi-ken 471-8571 (JP) 


Pellmann, Hans-Bernd, Dipl.-lng. et at 




Paten tanwa Its buro 


(72) Inventors: 


Tiedtke-Buhling-Kinne & Partner 


• Yanagihara, Hiromichi 


Bavaria ring 4-6 


Toyota-shi, Aichi-ken 471-8571 (JP) 


80336 Munchen (DE) 



(54) A method for purifying combustion exhaust gas 



(57) An exhaust gas purifying catalyst (10) is dis- 
posed in an exhaust gas passage (3). The exhaust gas 
purifying catalyst contains an oxidizing catalytic compo- 
nent having an oxidizing ability and produces hydrocar- 
bon radicals by a low temperature oxidizing reactions of 
a reducing agent supplied to the catalyst when the tem- 
perature of the exhaust gas purifying catalyst is within 
a specific range. The low temperature oxidizing reac- 
tions is an oxidizing reaction in which the reducing agent 



is oxidized without accompanying combustion and 
forms hydrocarbon radicals. A reducing agent is sup- 
plied to the exhaust gas purifying catalyst while keeping 
the temperature of the catalyst within the specific range 
in order to produce hydrocarbon radicals on the catalyst. 
At the same time, combustion exhaust gas having an 
excess air ratio equal to or larger than 1 .0 is supplied to 
the catalyst, whereby NO K in the exhaust gas reacts with 
hydrocarbon radicals produced on the catalyst and is 
reduced to N 2 - 
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